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Abstract 
In order to increase a deposition rate, we prepared YBCO films on metal substrate and SrTiO3 single crystal substrate by in-plume 
PLD method and compared superconducting properties, deposition rate and composition ratio with those of films prepared by the 
conventional PLD method. Typical Tc of the films prepared by the conventional PLD on the IBAD-MgO substrates were 89.7 K 
and typical Jc were about 3.0 MA/cm2 at 77 K in self-field. On the contrary those of films by the in-plume PLD were 87.9 K and Jc 
were about 0.9 MA/cm2. The deposition rate of the in-plume PLD was 2 Pm/hour in thickness which was about twice higher than 
that of the conventional PLD. A reason of the low superconducting properties would be off-stoichiometry within the film, 
especially Ba deficient composition. To improve the composition ratio of the films, we used off-stoichiometric YBCO target and 
investigated the superconducting properties. We were able to improve the composition of the films. However Jc values were not 
improved. The primal reason why the Jc values were low would be an outgrowth within the films. 
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1. Introduction 
Recently YBa2Cu3Oy based (YBCO) coated conductors can achieve critical current densities (Jc) more than 1 
MA/cm2 (at 77 K, self-field) on bi-axially aligned substrates [1-3]. For applications using the coated conductors, it is 
necessary to fabricate long length tape. Continuous fabrication of the long-length YBCO coated conductors by a 
pulsed laser deposition (PLD) was reported by SRL/ISTEC group [4] and Fujikura group. [5]. However, the PLD 
method has some disadvantages as compared with metal organic chemical vapor (MOCVD) and metal organic 
deposition (MOD). These are high production costs and low production speed, which are important for industrial 
applications. It is essential to improve the production process for fabrication of long-length coated conductors. The in-
plume technique is effective to increase the fabrication speed. High deposition rate could be achieved by shortening a 
distance between the substrate and the target and increasing the laser energy. In the case of fabrication of GdBCO 
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films, the deposition rate was about two times higher deposition rate than the conventional method in which deposition 
takes place at the plume edge [6]. In this study, we compared the superconducting properties of YBCO films prepared 
by in-plume PLD method and conventional PLD method. For comparison, we also fabricated YBCO films on SrTiO3 
single crystal (STO) substrates. 
2. Experimental procedure
We used KrF (O = 248 nm) excimer laser for fabrication of YBCO films on PLD- CeO2/ sputtered-LMO / IBAD-
MgO / ion beam sputtered-GZO / Hastelloy. The typical GI values of CeO2 layer was 3.5q. The laser energy density 
was 2.0 J/cm2 and repetition rate was 10 Hz. The substrate temperature was varied in a range of 770-800 qC and 
oxygen pressure was 40 Pa. In in-plume PLD method, the distance between the target and the substrate was 35 mm 
which was 5 mm shorter than that in the conventional PLD method. We fabricated the films with stoichiometric target 
and off-stoichiometric target (Y : Ba : Cu = 0.68 : 2.00 : 2.76) to optimize the composition ratio of the films. After a 
fabrication, the YBCO films were cooled down to room temperature in a chamber filled with pure oxygen. A silver 
layer was sputtered on the surface of the as-grown films for protection and transport measurements. We utilized X-ray 
diffraction (XRD) to check the fraction of misoriented grains and impurity phase. The Jc values were measured at 77 
K by the DC four-probes method with the electric field criterion of 1PV/cm. To determine the chemical composition 
of the YBCO films, energy dispersive X-ray spectroscopy (EDX) equipped scanning electron microscopy (SEM) were 
performed. 
3. Results and discussion 
  All the YBCO films including films prepared by in-plume PLD method presented c-axis orientation and cube-on-
cube in-plane texture. A high deposition rate of YBCO coated conductor was achieved by in-plume PLD method about 
twice as high as that prepared by the conventional PLD method. The deposition rate prepared in the case of the 
conventional method was 1.1 Pm/hour in thickness, on the other hand, the rate in the in-plume PLD method was 2 
Pm/hour in thickness. All of the following film thicknesses were fixed to 500 nm and we compared the 
superconducting properties and so on. 
Table 1 shows c-axis length, GZ, GI Tc and Jc at 77 K of different films. Tc of the films prepared by the conventional 
PLD method on IBAD-MgO substrate were 89.7 K and those of films by in-plume PLD method were 87.9 K. c-axis 
length of the films prepared by the in-plume PLD method are longer than those by the conventional PLD method. In 
general the amount of a carrier is important for REBCO high-temperature superconductors because Tc is affected by 
the carrier. It is considered that there are small amount of hole carrier in the films prepared by in-plume PLD method 
because of oxygen deficiency. Fig. 1 (a) shows critical current densities of the films prepared by the conventional PLD 
method and in-plume PLD method on IBAD-MgO and STO substrates as a function of magnetic field applied along to 
the c-axis of the films. Jc values of the films by in-plume PLD method on IBAD-MgO and STO substrates were low in 
magnetic field. Jc of the film by conventional PLD method were 2.8 MA/cm2 at 77 K in self-field, and those by in-
plume PLD were 0.83 MA/cm2. The values of GZ and GIof in-plume films are worse than those of the films by the 
conventional PLD method. This is one of the reasons why Jc values were low. However the primal reason would be 
the off-stoichiometry. Table 2 (a) shows the composition ratio of the target and the films by the conventional PLD 
method and the in-plume PLD method. The film composition prepared by in-plume PLD method was Y : Ba : Cu = 
1.36 : 2.00 : 3.18. It can be seen that Ba contents become small in films by the in-plume PLD method. 
 
Table 1. c-axis length,GZ, GI, Tc and Jc of different films 
 
 
 
Films c-axis length  [Å] GZ  [degree] GI   [degree] Tc  [K] Jcself  [MA/cm2]  (@77 K) 
conventional 
YBCO/IBAD-MgO 
11.7134 1.04 3.30 89.7 2.8 
in-plume 
YBCO/IBAD-MgO 
11.7216 1.44 3.40 87.9 0.83 
conventional 
YBCO/STO 
11.7102 0.283 0.973 88.3 2.2 
in-plume 
YBCO/STO 
11.7132 0.693 1.228 86.9 1.6 
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Table 2. (a) Average composition of the target and the films prepared by the conventional PLD method and the in-plume PLD method 
 Y Ba Cu 
target 1.00 2.00 3.00 
conventional PLD 1.18 2.00 2.89 
in-plume PLD 1.36 2.00 3.18 
 
(b) Average composition of the off-stoichiometric target and the films prepared by using the off-stoichiometric target 
 Y Ba Cu 
off-stoichiometric target 0.68 2.00 2.76 
films on IBAD-MgO 0.91 2.00 3.56 
films on STO 0.94 2.00 3.08 
 
Fig. 1. The field dependence of the critical density (Jc) for field parallel to the c-axis (a) prepared by different method on different substrate (b) 
prepared by in-plume PLD method with the stoichiometric target target and the off-stoichiometric target [7] 
 
 
  Based on above, we have investigated the superconducting properties prepared by in-plume PLD method with off-
stoichiometric Y0.68Ba2Cu2.76Oy target. The values of GZ andGI fabricated on IBAD-MgO were 1.87 and 3.05, and 
those on STO were 0.75 and 1.78, respectively. We show the composition ratio of the films in Table 2 (b). the film 
composition were Y : Ba : Cu = 0.91 : 2.00 : 3.56 on IBAD-MgO and Y : Ba : Cu = 0.94 : 2.00 : 3.08 on STO substrate. 
We were able to improve the composition ratio on both IBAD-MgO and STO substrates. And also Tc of the films on 
IBAD-MgO were improved, 88.4 K. Fig. 1 (b) shows critical current densities of the films prepared by the in-plume 
PLD method with the stoichiometric target and the off-stoichiometric target. Jc of the films prepared with the off-
stoichiometric target were almost the same value with the films prepared by in-plume PLD method with stoichiometric 
YBCO target. For comparison, we also show Jc of GdBCO coated conductors prepared by in-plume PLD method on 
IBAD-GZO substrate [7]. Jc of the GdBCO films remains high value. 
The main reason why the Jc of the film on IBAD-MgO were low would be an outgrowth of BaCeO3. Fig. 2. 1 shows 
the XRD patterns of the films prepared by in-plume PLD method with stoichiometric target and off-stoichiometric 
target. One can see BaCeO3 peaks in Fig. 2. 1. (b). Ba compounds segregate in grain boundaries in many cases. That 
causes a reduction of Jc. It is guessed that the bottom of YBCO layer became a dead layers by the BaCeO3 and the 
layer decreases Jc value. 
Despite the almost optimal composition, the films on STO substrate did not show superconducting transition until 77 
K. In Fig. 2. 2, we shows the magnified XRD pattern around (200) and (300) reflection of STO substrate. We can 
recognize the peaks belonging to the other phase, such as Ba-Cu-O. There is a possibility that the impurity phases 
were mixed within the films on STO. These impurities were not shown on IBAD-MgO substrate. On STO substrate, it 
is considered that Ba reacts to Cu and O instead of the formation of BaCeO3. It indicates that the composition of a 
little excess Y is better. To improve the superconducting properties of the films, further investigation of the target is 
required. 
 
 
 
(a) (b) 
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Fig. 2. 1. XRD patterns of the films prepared by in-plume PLD method on IBAD-MgO substrate (a) with stoichiometric target (b) off-stoichiometric 
target 
Fig. 2. 2. XRD patterns of the films on STO substrate prepared by (a) conventional PLD method, (b) in-plume PLD method and (c) in-plume PLD 
method with off-stoichiometric target 
4. Conclusion 
 The YBCO coated conductors were fabricated by in-plume PLD method. The deposition rate by in-plume PLD 
method was twice as high as that by conventional PLD method. However, Tc and Jc decreased. This is caused by off-
stoichiometry of the films. For optimal composition ratio, we fabricated films with Y0.68Ba2Cu2.76Oy target. Despite of 
almost stoichiometric composition, Jc of the films were 0.8 MA/cm2. This value was as same as that of prepared by in-
plume PLD method using stoichiometric target. In the case of YBCO film on IBAD-MgO substrate, an outgrowth of 
BaCeO3 caused a reduction of Jc value. On STO substrate there is a possibility that the impurity phases are mixed 
within the films, so that we think the films did not show superconducting transition until 77 K. Further detailed study 
for the improvement of the superconducting properties is required. 
Acknowledgements 
This work was partly supported by a Grant-in-Aid for Scientific Research (19676005) and also by the New Energy 
and Industrial Technology Development Organization (NEDO). 
References 
[1] Usoskin. A, Dzick. J, Issaev. A, Knoke. J, Garcia-Moreno. F, Sturm. K et al. Critical currents in long-length YBCO-IBAD conductors. 
Supercond. Sci. Technol.2000; 14: 676-679 
[2] Foltyn. S. R, Arendt. P. N, DePaula. R. F, Dowden. P, C, Coulter. J. Y, Groves. J. R et al. High-Tc Coated Conductors – Performance of Meter-
Long YBCO/IBAD Flexible tapes. Physica C 2000; 9: 1519-1522 
[3] Masur. L, Buczek. D, Hartley. E, Kodenkandath. T, Li. X, Lynch. J, Nguyen. N et al. The status of commercial and developmental HTS wires. 
Physica C 2003; 392-396: 989-997 
[4] Yamada. Y, Muroga. T, Iwai. H, Watanabe. T, Miyata. S and Shiohara. Y. Progress of PLD and IBAD progress for YBCO wire in the SRL-
Nagoya Coated Conductor Centre-new method for a coated conductor using a self-epitaxial PLD-CeO2 buffer. Supercond. Sci. Technol.2004; 
17: S70-S73 
[5] Iijima. Y, Kakimoto. K, Kimura. M, Takeda. K and Saitoh. T. Reel to Reel Coutinuous Formation of Y-123 Coated Conductors by IBAD and 
PLD method. IEEE Trans. Appl. Supercond. 2001; 11: 2816-2821 
[6] Sutoh. Y, Miura. M, Yoshimizu. M, Izumi. T, Miyata. S, Yamada. Y et al. Fabrication of high Ic film for GdBCO coated conductor by 
continuous in-plume PLD. Physica C 2009; 469: 1307-1310 
[7] Fuger. R, Kiss. T, Chikumoto. N, Lee. S and Izumi. T. Transport Characterization of GdBa2Cu3O7-G Coated Conductors Deposited by the In-
Plume PLD Reel-to-Reel Technique. IEEE Trans. Appl. Supercond.  2011; 21: 1051-8223 
